We evaluate several models of Jovian plasma sheet structure by determining how well they organize several aspects of the observed Voyager 2 magnetic field characteristics as a function of Jovicentric radial distance. The present study focuses exclusively on the data from the Voyager 2 spacecraft because the magnetosphere was more stable during that flyby than it was during the Pioneer 10 and Voyager 1 flybys. It is shown that in the local time sector of the Voyager 2 outbound pass (near 0300 LT) the published hinged-magnetodisc models with wave (i.e., models corrected for finite wave velocity effects) are more successful than the published magnetic anomaly model in predicting locations of current sheet crossings. We also consider the boundary between the plasma sheet and the magnetotail lobe which is expected to vary slowly with radial distance. We use this boundary location as a further test of the models of the magnetotail. The plasma-sheet-lobe boundary is often identified from the observed field gradients, the gradients in the lobes being much smaller than those in the plasma sheet. We show that the compressional MIlD waves have much smaller amplitude in the lobes than in the plasma sheet and use this criterion to refine the identification of the plasma-sheet-lobe boundary. When the locations of crossings into and out of the lobes are examined, it becomes evident that the magnetic-anomaly model yields a flaring plasma sheet with a halfwidth of ~ 3 Rj at a rattial distance of 20 Rj and ~ 12 Rj at a rattial distance of 100 Rj. The hinged-magnetodisc models with wave, on the other hand, predict a halfwidth of ~ 3.5 Rj independent of distance beyond 20 Rj. New optimized versions of the two models locate both the current sheet crossings and lobe encounters equally successfully. The optimized hinged-magnetodisc model suggests that the wave velocity decreases with increasing radial distance. The optimized magnetic anomaly model yields lower velocity contrast than the model of Vasyliunas and Dessler (1981). The hinged-magnetodisc models are shown to satisfy the constraints on the plasrna sheet thickness imposed by MHD theory. The magnetic anomaly model can be made consistent with the expectations from MHD theory only by assuming plasma anisotropy so large that the plasma would be unstable to mirror mode instability. We recognize that the magnetic anomaly model is a comprehensive model designed to account for many features of the Jovian system as observed in multiple flyby missions. The plasma sheet slxucture for the Voyager 2 epoch is only one aspect of the model's predictions. Nonetheless, we believe that the model's failure to satisfy constraints on plasma sheet slxucture imposed by MHD equilibrium theory presents a challenge to the magnetic anomaly model as it is currently described.
magnetic field configuration of the rotating tilted dipole from the foot of a field line in the Jovian ionosphere to the outer magnetosphere. The wave propagation speed is thought to depend on the Alfven speed and/or the radial outflow speed of the partially corotating plasma, there being no consensus as yet on how much emphasis should be placed on each of the two stress delivery mechanisms .
In addition to the systematic time delay observed at all of the equatorial crossings, the crossings associated with the nominal the references therein]). Particle and field observations from longitude of 292 ø are found to be delayed further and those asPioneer [Smith et al., 1976; McKibben and Simpson, 1974] , 1978 ] to a finite wave speed effect associated with conveying the information about the changes in the from Jupiter; beyond a distance of about 100 R j, the crossings merge and only a 10-hour periodicity is observed in the field and particle data [Carbary, 1980] 
where Ocs is the current sheet tilt with respect to the rotational equator at maximum Zcs for fixed p, A is the system Ill longitude of the observer and 5 is the longitude at which the current sheet has maximum tilt. All distances are measured in Jovian radii, R j. In both of the models described above, 5 is taken to be directly proportional to oe. In the hinged-magnetodisc ascribes the deviations of the two crossings from the expected models, 5 is assumed to be independent of A, but Ocs is aslocations to a variation of the wave speed with longitude. sumed to be a function of p. In the magnetic anomaly model, 
whereas the hinged-magnetodisc models have been developed As p > > 1 for distances over which the current sheet structure to fit the properties of the plasma sheet independently for each is studied, (oe -1) has been approximated by oe by Behannon of the three spacecraft flybys. Thus the number of parameters et al. [1981] . in the two models cannot be compared meaningfully. Similarly, for the magnetic anomaly model, the height of the In this work, we describe a technique by which we can ac-current sheet is written as [Vasyliunas and Dessler, 1981] curately locate the interfaces between the plasma sheet and the lobes from magnetic data alone. This information imposes furZcs TM oe tan 9.6 ø cos(A -5) have in the past relied mainly on the information provided by with a = 0.89ø/R j, /• = 0.56ø/R j, P0 = 19 R.j and 50 = the spacecraft crossings of the magnetic equator. We have constructed detailed trajectories of the Voyager 2 spacecraft in the z-z coordinate system (z is the distance of the spacecraft from Jupiter measured along the current sheet, z is the vertical disrance of the spacecraft from the center of the current sheet) by using the above models of plasma sheet structure. When the lobe traversals are superimposed on the modeled trajectories, it becomes evident that the magnetic anomaly model predicts a much thicker plasma sheet (halfwidth ~ 3 R.j at z = 20 22 ø .
To obtain the distance between the spacecraft and the center of the current sheet, we note that the height zsc of the spacexxaft above (or below) the rotational equator at oe is given by zsc TM p tan(Osc)
where O sc is the latitude of the spacecraft. The distance between the spacecraft and the center of the Rj and ~ 12 Rj at z = 100 R j) than a hinged-magnetodisc current sheet measured along Jupiter's rotational axis is given model (~ 3.5 Rj for all z > 20 R j). This work focuses on by z t = Zcs -Zsc (see Figure 1 ), but for our plots, we measure the Voyager 2 outbound trajectory alone because empirically this pass was found to be less variable than either Voyager 1 or Pioneer 10 passes. Thus it applies to the local time sector near 0300. For the Voyager 1 outbound pass and Thomsen and Goertz [1981 ] The solid base lines at the centers of the figures represent the center of the current sheet. We assume that the surface defined by the current sheet center is coincident with the magnetic equator and the center of the plasma sheet. Vasyliunas [1983] shows that this assumption is valid for the hot plasma of the Jo- To confirm and refine the identification of PLB, we adopt a wave amplitude criterion. Khurana and Kivelson [1989] , in a study of middle magnetospheric ULF waves, showed that the power in the compressional ULF waves maximizes within the plasma sheet and falls rapidly outside it. This occurs because current-free environment of the tail lobes, the vertical gradient there is a large contrast between Alfven and magnetosonic of the magnetic field is much smaller than in the plasma sheet. wave speexts within the plasma sheet and within the lobes. However, calculation of field gradients from the observations Standing waves attain large amplitudes within the plasma sheet of a single spacecraft is difficult and may be erroneous. The because of reflection at the PLB. In panels 5-7 of Figure 4 , difficulty is illustrated by Figure 4 , where in the top four pan-we have plotted the perturbations of the magnetic field in a els we have plotted the observed magnetic field data in system field-aligned coordinate system. The 48-s resolution data are 111 coordinates. In the last panel, we plot the vertical distance those of Voyager 2 flux gate magnetometer (,principal investiof Voyager from the center of the current sheet which was gator N. F. Ness) which were obtained from the NSSDC. In calculated from an optimized hinged-magnetodisc model dis-the field-aligned coordinate system, • is in the direction of the cussed below. Voyager's vertical motion relative to the current average magnetic field (here defined by a second order polysheet is apparent from magnetic observations. For example, nomial fit to a 60-rain segment of data centered at the point Figure 7 . The rms error of fit for both the current sheet opinion, this systematic delay occurs because the Behannon et crossings and the PLB is 0.7 R j. Because we allowed a funcal. model uses a constant wave velocity for all distances. The tional form for the wave velocity along the trajectory, much model crossings will be systematically too late if the actual improved fits are obtained between radial distances of 10 and wave velocity close to the planet is higher than the average 50 R j. Another advantage of including information from the velocity. We can improve the fit by using a wave velocity that PLB crossings is apparent from the second half of the trajecis a function of radial distance. In addition, we parameterize tory. From July 15, 1979, onward, the southernmost part of the bending of the plasma sheet by introducing an exponential the trajectory barely crosses the magnetic equator and the vetfunction of z(p), which allows a more gradual bending of the tical distance covered by Voyager in the two hours around the plasma sheet. For our magnetodisc model we rewrite equation magnetic-equator crossings becomes small (< 2 R j). Any 
THEORETICAL LIMITS ON PLASMA SHEET THICKNESS
The above presentation shows that the hinged-magnetodisc models organize the current sheet and PLB crossings slightly better than the magnetic anomaly model. The fundamental difference between the two models, however, is in the predictions they make about the thickness of the plasma sheet. The magnetodisc models predict a thin plasma sheet (halfwidth -,, 3.5 R j), whereas the magnetic anomaly model requires the plasma sheet halfwidth to be 4 R.j (3 R.j for the nonoptimized model) at z = 20 Rj and 7.5 R.j (12 R j for the nonoptimized model) at z = 100 Rj. Thomsen and Goertz [1981] reached similar conclusions from a study of energetic particle intensities in the magnetotail. They did not locate the plasma-sheet-lobe boundary directly as we do, but relied for this purpose on a scale height derived from the plasma density. On the basis of some fairly simple magnetohydrodynamic arguments, Goertz In this section we first summarize the theoretical arguments azimuthal and therefore the Coriolis forces can be ignored. In and results of these earlier studies. Then we use magnetic data the gyrotropic limit, the momentum equation for an azimuthally from Voyager 2 to obtain limits on the maximum plasma sheet rotating plasma can be written in a rotating frame as thickness. A more comprehensive derivation of the equations can be found in Vasyliunas [1983] . prell x (ll x x) + V-P = j x B (14)
In the following discussion we will assume that the dipole and rotation axes of Jupiter coincide. We will use a curvilinear coordinate system (:t,•,•. fixed in the rotating plasma whose where pm is the plasma density, ll is the angular velocity angular velocity is ll). Locally R points away from Jupiter of the rotating plasma (ll may or may not be equal to and is tangential to the current sheet and to the rotational equa-the corotational angular velocity, llj), J x B is the body tor, •. points in the direction of ll, which is parallel to the force caused by currents J flowing through the plasma, P is the dipole axis and • completes the right-handed triad. We shall gyrotropic pressure tensor and is given by . Both fits were improved by optimizing the fit parameters to organize an augmented data set that includes the locations of both the current sheet crossings and the PLB encounters as input. No significant difference in the rms errors of fits for the two optimized models is evident. It is worth noting that the hinged-magnetodisc model requires one fewer free parameter to fit the data set. On the other hand, it has been argued by Vasyliunas and Dessler [1981] that the magnetic anomaly model is superior to the hingedmagnetodisc models because it was developed to fit several aspects of the data from multiple spacecraft flybys. Hingedmagnetodisc models, as they have been formulated so far, require different fit parameters for each of the three spacecraft flybys. We argue that this does not necessarily mean that it is impossible to develop a universal hinged-magnetodisc model ing Alfven velocity with increasing radial distance. This de-We would like to point out here that even though our discrease is justified and expected from theoretical considerations. cussion of the longitude delay of the equatorial crossings has
